The soaked and nonsoaked rice grains were cooked by the excess water method and the steamer method, and subjected to Ranghino's test, X-ray diffraction, and microscopic observation. The starch granules in the nonsoaked rice were gelatinized at the same time as the grains became translucent during cooking. However, when the grains of medium amylose varieties and waxy rice were presoaked, the starch granules were not fully gelatinized in the translucent grains cooked for Ranghino's cooking time. The gelatinization of starch granules proceeded faster in the soaked rice and by the excess water method than that in the nonsoaked rice and by the steamer method. The cooking time and gelatinization time correlated negatively with the water content after soaking, and positively with the amylose content in the rice grains. The japonica rices were gelatinized fully in less than 20min when the amount of water added for cooking was adequate. Key Words excess water cooking method, Ranghino's cooking time, X -ray diffraction, crystallinity index, starch gelatinization, amylose content, alkali spreading value, gelatinization temperature (GT)
RESULTS Some properties of the tested varieties are listed in Table 1 . The 100-grain weight of white rice did not vary widely (1.92-2.07g), except IR43 which is a slender-type grain variety (1.75g). The alkali spreading value is negatively related to the gelatinization temperature (GT) of rice, which was considered as an indicator of reactivity of rice to cooking (9) . Only Aijiaonante showed a value below 3, and thus had a high GT. The values of other varieties were above 5, indicating that the GTs were low. The tested varieties included a wide range of amylose content that was highest in indica Aijiaonante (26.4%) and lowest in waxy Kurenaimochi (1.5%); the other three were the medium amylose varieties (17.1-20.0%). The water content of white rice increased after being soaked in water overnight and differentiated Table  1 . Some properties of tested rice varieties.
aind . nw., indica nonwaxy rice; jap. nw., japonica nonwaxy rice; jap. w., japonica waxy rice. among varieties. The correlation coefficient shows that the water content of soaked rice correlated significantly with the amylose content (r=-0 .9943, significant at 99% confidence level), but not with the 100-grain weight and alkali spreading value . The translucency of cooked rice was checked by Ranghino's test . The opaque center could be clearly seen in undercooked grains of the nonsoaked rice , as described by Ranghino (5) . However, some of the cooked grains of soaked rice showed the white crack other than the opaque center before becoming translucent , which was more evident in the steamed grains. We called it "Ranghino's cooking time" when the cooked grains showed no opaque center or white crack and became translucent. The translucent cooked rice grains are shown in Fig . 1, a Ranghino's cooking times of five varieties determined by this method are shown in Table 2 . The cooking time of nonsoaked rice was longest for Aijiaonante (23.3min) and shortest for IR43 (16.3min); this might be attributed to the high GT of the former and the low 100-grain weight of the latter, according to Juliano and Bhattacharya (6,7). Ranghino's cooking time of rice by the excess water method was shortened by presoaking, and the effect of presoaking was most distinct in the waxy rice, Kurenaimochi. Ranghino's cooking times of the tested varieties by both methods correlated negatively with the water content in the soaked grains, and thus positively with the amylose content. The gelatinization temperature and the 100 -grain weight had little influence on Ranghino's cooking time as compared with the water content. Furthermore, the cooking methods showed an obvious effect on the time necessary for the grains to become translucent. The rice grains became translucent faster in boiling water than in the steamer despite the higher tempera ture in the latter. Figure 2 shows the starch granules in the cooked rice grains . The starch granules could not be observed in the translucent grains of the nonsoaked rice of the tested varieties and in that , of the soaked rice of Aijiaonante which contained less water than the other soaked rice (Fig. 2a) . However , when the rice grains of the medium amylose and waxy varieties were presoaked then cooked for Ranghino's Table 3 . Gelatinization time of rice grain (min).
variety, Aijiaonante. When the grain became translucent during cooking , the starch granules in it were also completely gelatinized. For the two japonica rices, the gelatinization time was the same as Ranghino's cooking time in the nonsoaked grains, but was longer than Ranghino's cooking time in the soaked ones. Like the cooking time, the gelatinization times also related to the water content in grains and the cooking methods. The correlation coefficient between the gelatinization time and the water content was -0.9088 (significant at 99% confidence level) in the excess water method, and -0.9973 (significant at 99% confidence level) in the steamer method. The water content in the rice grains appeared to be a more important determinant for the gelatinization time than the grain size and the gelatinization temperature of the rice. A longer time was needed to gelatinize the starch granules in rice grains by the steamer method than by the excess water method. The importance of water to the gelatinization of rice grains was clearly demonstrated.
DISCUSSION
Determination of the cooking time is important because the texture of cooked rice depends on the cooking degree and because the time for the grains to attain the best cooking degree is characteristic of variety; therefore it differs among varieties. Ranghino developed a simple method for determining the cooking time of a rice which was cooked in excess water without presoaking. This method has been widely applied and is perfect for the nonsoaked rice, as is also demonstrated by the present experiment. However, for the soaked grains of the medium amylose and waxy rice, which contained more than 30% of water after soaking, this method seemed in applicable. At the time the grains became translucent, not all of the starch granules gelatinized fully; 26-54% of the crystallinity still remained in those grains. The cooking practice is to gelatinize starch and make it more digestible for humans. From this point of view, the cooking time determined by the translucency of cooked rice is inadequate for the purpose of cooking of the presoaked rice. We tried to apply Ranghino's test to the soaked rice with a modification of adding water to the pressed cooked-grains. In variety Koganemasari, the central portion, which was translucent but not gelatinized fully, turned to white in a minute after water was 
